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Introduc<on 

•  Cooling decreases the beam phase‐space volume (without 
loosing par>cles) and therefore increases the phase‐space 
density.  

•  Cooling reduces the transverse emiCance and the rms energy 
spread of the beam. This causes beam sizes to shrink. 

Why is cooling needed: 

1.  Preserva>on of beam quality 
2.  Improvement of luminosity (collision rates) and resolu>on 

3.  Accumula>on of rare par>cles 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Introduc<on 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Ld − vertex length
β* − beta func.@IP
ε − emit tance
σ z − bunch length
Ni − ions /bunch
fc − collision freq.Coefficient F takes into account the hour‐glass effect and  

the finite length of the detector vertex region 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Invented by Simon van der Meer. First used  
at CERN SPS. Nobel prize in Physics in 1984  
(shared with Carlo Rubbia).  



Stochas<c cooling – general picture 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Typical stochas>c cooling scheme consists of  
pickup, amplifier, and kicker.   

Correla>on between length and bandwidth 

A delta‐func>on signal produces a pulse of length 
Ts=1/(2W) a]er passing through the amplifier with 
with a bandwidth of W. 

Thus, a par>cle feels a combined kick of par>cles  
in a beam slice with a length of Ts. The number of  
par>cles per slice: 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Stochas<c cooling ‐ general picture 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Momentum (energy) stochas<c cooling at RHIC 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1.  At RHIC we want to counteract IBS during stores to reduce 
beam dimensions and increase integrated luminosity 

2.  Prevent de‐bunching and par>cle losses (halo cooling) 

The challenges for RHIC S.C. are: 
1.  A cooling >me of about 1 hour is required.  
2.  Beam energy is 100 GeV/nucleon. Strong kickers broadband (3 GHz) 

are required. 
3.  The beam is bunched to 5 ns in 200 MHz rf buckets. Strong coherent 

signal 

Coherent signal 

SchoCky signal 



Stochas<c momentum cooling at RHIC 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Pickup 

Kicker 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Momentum cooling simula<ons 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Red – 1st turn  
Blue – 2nd turn 
Black – a]er kick 



Kicker cavi<es 
•  A lot of punch at broadband (5‐8 GHz) is needed 
•  Use several (16) cavi>es with rela>vely high Q (~800). Each 

cavity has different resonant frequency. The Q is defined by 
the distance between bunches and the cavity frequency. 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RHIC stochas<c cooling results 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No cooling  No cooling 
cooled 

No cooling 



•  Install and test transverse (two planes, one ring) this  year 
•  Make blue momentum cooling opera>onal next year 
•  Use direct RF links for transverse instead of op>cal fiber links 
•  Increase frequency of amplifiers 
•  If transverse cooling test is success, install transverse cooling 

in the other ring 

•  Planned increase of integrated Au luminosity is factor 4. 
(Stochas>c cooling cannot cool protons. Too many par>cles 
per slice.) 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Plans for RHIC stochas<c cooling 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Proposed by Ya. (Slava) Derbenev  
about 30 years ago in Novosibirsk 
(same guy who proposed a “Siberian 
snake” together with Kondratenko).  



Coherent Electron Cooling (CEC) 

•  CEC is, in principle, stochas>c cooling 
•  Electron beam used to transfer informa>on 
•  Similar to stochas>c cooling CEC consists of  

–  Pickup (or modulator): ions imprint themselves in electron beam 

–  Amplifier: the perturba>on of e‐beam created by the ion beam is 
amplified (for example, an FEL) 

–  Time‐of‐flight dispersion sec>on: ions are separated longitudinally 
according to their energy 

–  Kicker: the amplified perturba>on of e‐beam is applied back to the 
ions 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CEC, Example suitable for RHIC 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Cooler consists of the modulator sec>on, amplifier (Free Electron Laser), and kicker  
sec>on. An Energy Recovery Linac (D. Kayran’s presenta>on) will deliver the beam. 

€ 

ω p =
4πnee

2

γme

φ =
ω plm
γc

≈
π
2

RD⊥ =
cγσθe

ω p

>> RD ||,lab =
cσθγ

γ 2ω p

€ 

cδt = −Dδγ
γ 0

FEL exponen>ally increases 
energy and density modula>on  
in electron beam (FEL Green  
func>on). G~102‐103. 

Periodic electric field  
reduces ions energy  
spread 



Poten<al of CEC 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Outline 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Proposed by G. Budker in Novosibirsk 
in the beginning of the 60’s. 
(Derbenev’s doctoral thesis “Theory of 
electron cooling”).  



E‐cooling process, general descrip<on 

•  E‐Cooling is thermaliza>on of two component plasma: hot 
ions, cold electrons. Ions are cooled. 

E‐cooler typically consists of:  

•  Source of low emiCance electrons (e‐gun) and accelerator 
•  Ion energy has to be equal to energy of electrons! 
•  Cooling sec>on (ions interact with electrons, the sec>on can 

include magne>c field) 

•  Electron dump (possibly a]er decelera>on in ERL) 

•  E‐beam is renewed every >me ions interact with electrons 

•  Because the e‐beam is renewed, the ion temperature 
asympto>cally approaches the electron temperature 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Fric<on force and cooling rate (non‐magne<zed) 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RHIC low (high?) energy electron cooling 

•  Factors affec>ng RHIC performance at 
low energy 

–  Intra‐beam scaCering 
–  Space‐Charge  

•  E‐cooling can reduce their effect 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with e‐cooling 

no cooling 

with e‐cooling 

no cooling 

γ=2.7, factor of 3 increase of luminosity   γ=6.6, factor of 6 increase of luminosity  



RHIC low (high?) energy electron cooling 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10 m cooling sec>on 
in Yellow and Blue rings RHIC Au ions 

RHIC Au ions e‐ 

e‐ 

•  Fermilab cooler can be brought to BNL a]er Tevatron opera>ons are shut down. 
•  Peletron high‐voltage (5 MV) generator with an e‐gun (100 mA) and collector inside 
•  Recircula>on loop with two cooling sec>ons. Charge/energy recovery.  
•  Installa>on: 2012. Commissionig and opera>ons: 2013‐2014.  



This presenta<on heavily borrows from  
other presenta<ons  

•  Stochas>c cooling for RHIC: J.(M.) Brennan, M. Blaskiewicz 

•  Coherent electron cooling: V. Litvinenko 
•  RHIC Low energy electron cooling: A. Fedotov 
•  CERN Accelerator School (general descrip>on of stochas>c 

and electron cooling) 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